Owing to a paucity of observational data, no clear consensus has been reached concerning the general nature of the solar wind interaction with Mars. In particular, the previous analyses are still at odds regarding the existence of a small intrinsic field magnetosphere at Mars as opposed to a Venus-type ionospheric interaction (e.g., Russell, 1978a 
INTRODUCTION
The successful operation of the Pioneer Venus orbiter (PVO) with its periapsis in the Cytherean ionosphere has left Mars as the only terrestrial planet for which we lack definitive in situ observations of its interaction with the solar wind. This dearth of low-altitude (i.e., < 103km) particles and fields measurements at Mars has led to controversy (e.g., Russell [1978a,b] versus Dolginov [1978b, c] ), over whether or not magnetic fields intrinsic to the planet dominate its interaction with the solar wind (see also reviews by Michel [ 1971 ] , Hill and Michel [ 1975] , Bauer [ 1976] , Ness [ 1979] , Russell [1979] , and Siscoe and Slavin, [1979] , Gringauz [1980] ). In this and 10 orbiters and Pioneer Venus [Slavin et al., 1980 ] in 1975-6 and 1978-9, respectively. In the past, great emphasis has been placed on the relative locations of the Mars and Venus bow waves on the premise that if the Martian bow shock is significantly more distant, then the cause is an intrinsic magnetic field standing-off the solar wind at altitudes higher than are possible at 'field-free" planets such as Venus. Accordingly, prior to the Pioneer Venus mission the large difference in altitude between the Martian bow wave defined by the Mars orbiters and that of Venus from the Venera satellites (the dashed line in Figure 1 ) was interpreted as strong evidence for the solar wind being deflected about Mars predominantly through an interaction with magnetic fields intrinsic to the planet Breus and Gringauz, 1980] . However, as also shown in the first figure, PVO has found the Venus bow wave to be more distant than was reported by the earlier Venera missions [Slavin et al., 1979b [Slavin et al., , 1980 . This discovery has been considered by Slavin 
Thus it appears that during the epoch of the Viking observations, solar minimum, the greatest solar wind pressure that the ionosphere can support assuming maximal induced magnetic fields, is'--2 x 5 x 10 -9 = 1 x 10 -8 dynes/cm2; the meanPsw near 1. He ++ assumed in solar wind). The effective dipole moment obtained is 1.4 x 1022 G-cm 3, which corresponds to a surface flux density of 36 nT at the magnetic equator and 72 nT at the poles. It must be remembered that this result is subject to the many assumptions implicit in (5) that cannot be tested with the available observations. If the dipole moment is tilted away from the spin axis as has been suggested in other studies [Dolginov et al., 1973; Smirnov et al., 1978 ] , then the moment computed above is an overestimate by up to •10% depending upon the size of the tilt. Equation (4) also assumes that all of the magnetospheric current systems are similar in relative magnitude to those of the earth. Other studies have already pointed out that this is probably not the situation due to the highly conducting Martian ionosphere as a magnetospheric boundary condition [Rassbach et al., 1974] . In particular, if the Mars magnetotail current system is relatively stronger than at the earth as may be the case [Intriligator and Smith, 1979] , then the moment calculated from (5) will be an underestimate by an uncertain amount probably also up to--,10%. Finally, there are also the uncertainties in the gasdynamic flow model and the shock observations themselves, but these are expected to be smaller than those associated with the assumptions discussed above. For all of these reasons we estimate that the Martian magnetic moment may only be determined at this time with a probable error of approximately 40%. Thus we arrive at M = 1.4(_+0.6) x 1022G-cm2 for the effective dipole moment of this planet.
In Table 1 
model does not require the ionospheric plasma pressure to equal the external pressure of the solar wind, but only that ionospheric con-AlthOugh Psw was not measured by Viking at 1.5 AU, we have inferred a value of 1 x 10 -8 dynes/cm 2 from the 1 AU observations (King [ 1977] x 1021 G-cm 3, which is less than half the amount necessary to account for the average height of the obstacle in Figure 2 . Having given reasons why the V2 measurements do not appear consistent with the crossing of an ionopause, there remain two classes of interpretations for the observations. The first type still retains the view that Viking 2 passed through the solar windobstacle interface near an altitude of 300 km, while the second proposes that the boundary encountered was within the magnetosphere as is, for example, the case with the terrestrial plasmapause. From the pressure balance discussion and (6) it can be seen that the V2 event cannot be reconciled with a simple compression of the Martian magnetopause down to a height of 300 km unless the magnetic moment determined earlier is an overestimate by a factor of 2 or the value of P•w for this event inferred from 1 AU an underestimate by a factor of 4, neither of which is probable. Further, the errors would actually have to be somewhat larger than these amounts because ionospheric induction currents opposing the compression would be driven in much the same way as planetary induction currents at Mercury are thought to aid in standing-off the solar wind during sudden dynamic pressure enhancements [Hood and Schubert, 1979; Suess and Goldstein, 1979] . However, a more plausible method of lowering the solar wind-obstacle interface down to the 300 km height of the V2 descent observations is that a 'contraction', as opposed to a compression, of the dayside magnetosphere took place such as are observed at the earth [Holzer and Slavin, 1978] . In these events magnetic reconnection transfer magnetic flux from the dayside magnetosphere to the tail (i.e., the magnetotail currents become stronger) thereby decreasing the volume and vertical extent of the dayside magnetosphere without requiring any increase in dynamic pressure. In fact, Rassbach et al. [1974] have already suggested that the entire forward magnetosphere might be 'eroded' away by reconnection so as to expose portions of the ionosphere to the shocked solar wind of the magnetosheath. Such events are expected to be facilitated by the high should be noted that the rate and total amount of dayside reconnection is expected to grow as the intensity of the anti-parallel magnetic fields increase (e.g., Slavin and Holzer [1979] and references therein). Thus large tilts of the intrinsic magnetic field away from the Mars spin axis (i.e., toward the average plane of the interplanetary magnetic field) as proposed by Dolginov et al. [ 1973] andSmirnov et al.
[978] will enhance the effects of erosion over half of the daily rotation period. Accordingly, we propose that the Viking 2 descent observations may have been taken during a large erosion event that reduced the magnetopause height down to that of the sharp upper bound on the ionosphere shown in Figure 3 . Such an occurrence would also be consistent with the slightly compressed appearance of the V2 measurements between 250 and 300 km relative to those of V1. The Viking 2 values of ion density and temperature exceed those observed by the earlier lander in this altitude range as would be the case if the Martian ionosphere were bearing a portion of the solar wind pressure during the V2 descent as opposed to none during the V1 observations. Unfortunately, the lack of suitable particles and fields experiments on the Viking spacecraft makes it impossible to prove or disprove this hypothesis.
Alternatively, the boundary detected by V2 could lie within the Martian magnetosphere and correspond to the greatest height to which the ionospheric plasma could reach on that occasion without being lost to magnetospheric convection. Owing to the large size of Mars in comparison to its magnetosphere, the observed boundary could not have been a terrestrial type plasma-pause as the level at which the corotational and cross-magnetospheric electric fields become equal would lie beneath the surface of the planet. Noting this fact, Bauer and Hartle [1973] suggested that the Martian ionosphere could terminate in a 'chemopause' at whose altitude the rate of ion loss due to magnetospheric convection would equal ion production from the ambient neutral population. Assuming a Martian dipole moment of 2.4 x 10 22 G-cm 3 and a cross-magnetosphere electric field of a kilovolt per planetary radius, they estimated that the chemopause would form at the height where ion density falls below about 5000 cm -3. However, if we reduce the assumed magnetic moment down to the 1.4 x 1022 G-cm3 found by this study and use a more realistic electric field of 440 V/Rp derived from scaling a moderately disturbed terrestrial value of 800 V/Rp (i.e. ,Kp = 3 from Kivelson [ 1976] ) by the ratio of the IMF magnitudes at 1 and 1.5 AU (e.g. ,Intriligator andSmith [1979] and references therein), then the Bauer-Hartle critical density for the formation of a chemopause falls to---1300 cm -3 which is near the •,1000 cm -3 seen by Viking 2 in 
DISCUSSION
As was reported in the preceding sections, our modeling of flow about Mars and examination of the Martian ionospheric measurements have produced results that are inconsistent with a Venus-or cometary-type solar wind interaction for this planet. The effective magnetic moment inferred is sufficiently large to produce the small magnetospheric cavity needed to account for both the location of the bow wave and the general lack of ionopause signatures in the radio occultation observations. Accordingly, we have compiled a list of the principal arguments cited in the literature for and against the existence of an intrinsic field magnetosphere at Mars and incorporated into it our own findings and comments. However, it must be remembered that the shielding afforded the Martian ionosphere and neutral atmosphere by the modest intrinsic fields proposed here, and elsewhere, will certainly be greatly inferior to that found at the earth. Under certain circumstances, such as high solar wind dynamic pressure or significant dayside reconnection, it appears inevitable that the ionosphere and atmosphere will be exposed to the solar wind. It is, rather, the conclusion of this study that the Martian ionosphere typically does not play a direct role i.n standing-off the solar wind due to the magnitude of the planetary magnetic field. [Dolginov, 1978b ] when the magnetometer was turned on during the pericenter passage (note: the particles and fields experiments onboard Mars 2 and 3 were off during more than half of the low altitude passes; Gringauz [ 1976] ). However, no direct determinations of magnetic moment have made from the measurements due to a lack of complete attitude information for Mars 2 with which to construct the vector field and also the resulting uncertainties regarding the magnetometer offsets [Dolginov et al., 1976a] . On the average, solar wind dynamic pressure appears to have been below average during these events [Dolginov, 1978a ] . However, ionoized atmosphere neutrals are expected, in the context of the small mangetosphere model, to be lost to the solar wind not only when high dynamic pressure or dayside magnetic reconnection expose them to the magnetosheath flow, but also during more average conditions through the action of magnetospheric convection [ Bauer and Hartle, 1973] . In addition, as pointed out by Stairnov et al. [ 1978] , any large tilt of the magnetic dipole relative to the Mars spin axis could further weaken the shielding ability of the intrinsic field.
PRO-Small Intrinsic

CONCLUDING REMARKS
We find that the results of our analyses and those of the previous studies argue quite convincingly for the existence of a modest intrinsic magnetic field at Mars dominating the solar-planetary interaction. Further, the lack of ionopause signatures in the radio occultation observations and the overall weakness of the ionosphere appear to pose major obstacles to the postulation of a Venus-type interaction for this planet. The opposing side to this view proceeds largely by criticizing individual points in the magnetospheric intertion. It is our conclusion that the ionospheric interaction model for Mars is not supported by the available experimental measurements.
